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Tom tat:

Bé ling so cdp va thir cap la cdc thiét bi phé bién va quan trong trong ddy chuyén cong nghé xir Iy
nude thai ciia nhiéu nganh cong nghiép, dac biét la nganh khai thdc va ché bién khodng san. Hién nay, cdc
tiéu chudn vé xit Iy mede thai ngay cang nghiém ngdt thi viéc tinh toan thiét ké, van hanh, va diéu khién bé
ling so cdp ngdy cang dirge quan tam vi né anh hwong Iom t6i cde qud trinh cong nghé tiép theo. Trén co so
thuwe nghiém va phén tich dwong cong ldang gidn doan, bdi bdo dwa ra phiong phdp xdc dinh cdc thong sé
ddc trung cua bun thdi. Cac phwong trinh co ban cua qua trlnh ling nhir vdn toc lang ving nén ép Vesilind,

ham thong lu’ong pha rdn Sy va ham zmg sudt nén ép pha rin oe dwoc xdc a"mh tuwong minh.
Tir khéa: Bé ling, phuwong phdp thiét ké, mé hinh héa, xir Iy nude thai, tuyén than.

1. Dit van dé

Su phat trién cong nghiép nhanh chéng
mang lai nhidu lgi ich v& kinh t& va xa hoi tuy vay
no ciing gy ra 6 nhidm mai trudong va de doa dén
sirc khoe con ngudi. Hién nay cac tiéu chuan vé khi
thal nudce thai ngay cang cao va nghiém ngat do do,
van d& xir 1y ngudn 6 nhidm trong cic nganh cong
nghiép trude khi thai ra moi truong da va dang la
mot van d& can phai quan tam. Trong day chuyén xu
1y nudc thai, thiét bi 1éng 1a thiét bi rat quan trong,
c6 tac dung ling so bd pha rén trudc khi vao cac
cong doan xtr 1y tiép theo. Hinh 1 m ta mot thiét bi
ling ring cao dién hinh trong cong nghiép.

Duidng kinh bé

Kénh dén huyén phi

Hinh 1. Thiét bj ling rdng cdo trong cong nghiép

+—_ Ving nudc trong
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Hinh 2. So d6 4 viing lam viéc trong thiét bi ling
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Coe va Clevenger chia bé ling ring cao, lam
viéc lién tuc va 6n dinh thanh 4 ving co ban bao
gdm ving nudc trong, ving ling, ving chuyén tiép
va ving ldng nén ép. Cac vung va ham lugng pha
ran trong tmg dugce mo ta trong Hinh 2 va 3 [1,2].
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Hinh 3. Ham lwong pha rdn theo 4 viing lam viéc
cua thiet bj lang

D3 c6 nhiéu phuong phép khac nhau tir don
gian toi phirc tap nham tinh toan thiét ké bé lang
rang cao nhu phuong phap Mishler (1912), Coe va
Clevenger (1916), Kynch (1952), Talmage va Fitch
(1955), Oltmann (1976) [1,2,3]. Tuy vay do cac
thong s6 nhu nhiét do, luu lwong, ham luong pha
rén lu6n thay doi trong qua trinh 1am viéc nén cac
phuong phap nay déu phai sir dung cac thong s6
trung binh va dua thém vao hé s thiét ké an toan.
Vi thé hiéu qua hoat dong ctia thiét bi ling thuong
khong 6n dinh, khong kiém soat dwgc qué trinh va
lam giam kha ning lam viéc ctia thiét bi.

Viée xac dinh twdng minh cac thong sb dic
trung ctia qua trinh ling dya trén thyc nghiém ling
gian doan 13 co s& dé dua ra mot quy trinh thiét ké
bé ldng va mé hinh héa qua trinh cong nghé nham
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dy doan mot cach chinh xac hi¢u qua hoat dong cua
thict bi lang.

2. Phuwong phap nghién ciru

Qua trinh ling dudi tac dung cua trong luc
trong céc thiét b lang dién ra ¢ cac ché do lang khac
nhau. O giai doan dau, khi ham lugng pha rén trong
huyén phti nho, cac hat ran ling xudng & ché do
ling ty do. Sau d6, khi ham lugng pha ran ting dan
1én, cac hat rén roi tu do s& twong tac voi nhau nhiéu
hon. Sy twong tic nay lam can tr& qua trinh ling
nghia 1a 1am cho téc d¢ lang giam xudng. Ngoai ra,
khi ham lugng pha rin du 16n, cac phan tir nay c
xu hudng xép chit lai véi nhau tao ra sy nén ép giita
cac khoi hat. Qué trinh nay ciing anh huong khong
nho dén van tc lang cua cac khéi hat. Do dién bién
clia qua trinh lang kha phtrc tap va ranh giéi gitra
cac ché do léng chua thyc sy ro rang nén mo ta toan
hoc day dii va chi tiét cho qua trinh ling van dang
duogc phat trién. Tuy nhién, viéc xay dung mo hinh
toan hoc cho qua trinh ling dudi tic dung truong
trong luc thuong dwoc xay dung voi gia thiét co
ban sau: (1) Cac hat ctia cac phan tir trong pha rin
¢6 khdi lugng riéng nhu nhau va rat nho so véi thiét
bi ling, nghia 1 bo qua hi¢u (g dong chay tai viing
khong gian gan thanh thiét bi lang, (2) cac phan tir
pha ran va pha long khong bi nén ép, (3) qua trinh
chuyén khéi glua pha ran va pha long khong xay
ra, (4) cac phan tir pha ran két khoi trudc khi qua
trinh lang dién ra, (5) cac khoi hat ling véi toc do

3. Két qua va thio luan

nhu nhau.
Tir cac gia thiét néu trén, qua trinh ling
dudi tac dung cua trong luc dugc dac trung bdi cac
phuong trinh co ban sau:
Ham mat d¢ thong luong pha ran [2,5]:
fi (0) = uwﬂ(l - 0@ )

max

(M

Trong do:
f,,(9) 1a ham mét do thong luong pha rin
@ la ham luong pha ran trong huyen phu
o laham luong pha rin tai thoi diém két thuc qua
trinh ling gian doan
u_ va c la hai thong sb dac trung cho ham mat do
thong luong pha rén
Ham van toc ling ving nén ép Vesilind [3,5]:
v, = kexp(-no) (2)
Trong do:
v, — Van tbc lang tai Vung nén ép
k va n 13 hai thong s6 dic trung cho ham vén tdc
ling ving nén ép
Ham tmg sudt nén ép hiéu dung [5,6]:
0.(6)=0khio <o, (3a)
0.(0)=oexp(Po) khio <0 <o, (3b)
Dé tinh thiét ké va md hinh hoa bé ling, can
phai xac dinh twong minh cac phuong trinh co ban
clia qua trinh ldng trén co so thuc nghiém lang gidn
doan. Trong bai bao nay, mau bun thai trong cong
nghé tuyén than I ciia Cong ty tuyén than Ctra Ong
duoc xem xét.

Béng 1. Cdc thong s6 thiét ké bé lang tuyén than I — Céng ty tuyén than Ciea Ong

Pudng kinh bé | Chidu cao bé | Chiéu cao cira | Nang sudt xtr | Ham lwong pha | Ham lugng pha
(m) (m) chay tran (m) 1y (m*/h) ran vao (g/l) ran ra (g/1)
10,69 4,7 4,47 150 90— 125 250 - 350
Bang 2. Hiéu sudt thu hoi theo cdp hat rdn trong tuyén I
o Ty 1& thu hdi céc cép hat (%)
San pham
- 0,074 mm 0,074 -0, mm | 0,1-0,5mm 0,5-1mm + 1 mm

Vao bé 70,65 9,80 16,4 1,73 1,42
Chay tran 100 0 0 0 0
Bun cén 63,24 6,41 24,46 3,17 2,72

Mau bun thai duoc ldy tai cira vao cia bé
lang va ctra ra dudi day bé. Cac thong sb thiét ké
thuc té cuia bé cho trong Bang 1 va cac thong s6 vé
hiéu suét thu hdi tap hop hat ran cho trong Bang 2.

Thyc nghiém ling gian doan duoc tién hanh
trong binh ludong dung mau bun thai c6 duong kinh
bang 5,1 (cm), chiéu cao binh ludng 22 (cm). Bin
thai dugc khudy tron déu trude khi d6 vao binh
luong nhim dam bao ham lwong pha rin 1a nhu
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nhau trong binh. Khi qué trinh ling 6n dinh, bat
dau tinh thoi gian. Trong qué trinh ling do trong
luc, cac hat ran s& lang xudng day binh luong nén
hinh thanh 16p nuéc trong & phia trén. Khi do bé
mit phan chia s& dugc hinh thanh gitta phan nudce
trong va 16p huyén phu ling. Tién hanh do chiéu
cao bé mit phén chia pha theo thoi gian. Céc s liéu
do dugc & ving ling nén ép sau 4 1an thyc nghiém
duoc trinh bay trong Bang 3.

Journal of Science and Technology



ISSN 2354-0575

Bang 3. Bé cao bé mdt phdn chia pha theo thoi gian ciia thwe nghiém lding gidn doan

Thi nghiém 1 2 3 | 4 Trung binh
Chiéu cao ling H (cm) Thoi gian t (phit)
10,28 48,25 48,71 44,52 48,33 47,45
9,79 52,00 51,67 47,33 51,32 50,58
9,30 57,83 56,18 51,87 56,17 55,51
8,81 67,75 63,17 59,55 65,15 63,90
8,32 82,50 76,78 71,95 78,67 77,48
7,83 102,42 95,83 88,87 97,00 96,03
7,34 127,58 120,00 112,00 120,33 119,97
6,85 162,18 152,17 144,33 153,20 152,97
6,36 210,00 197,71 185,25 198,00 197,74
3,92 1000,00 1000,00 1000,00 1000,00 1000,00

3.1. Xac dinh cac théng sé dic trung ciia ham
vén toc ling ving nén ép Vesilind

Tién hanh phén tich duong cong ling gian
doan, 1iy mot diém bat ky trén du(mg cong ling
tai ving ling nén ép, keé tiép tuyén cit truc tung tai
chiu cao Z va truc hoanh tai thoi gian T. Khi d6, van

tbc ving lang nén ép duoc x4c dinh bang cong thic:

)% 0

Hinh 4 biéu dién moi quan h¢ gitra van toc

ling vung nén ¢p v, (0) voi ham lu’ong pha ran 0.

Tir d6 biéu dién mbi quan hé d6 bang phuong trinh
hdi quy.

0.08

0.07 |

OThwcnghiém
0.06 |

0.05 |
y=1.792¢ 21X

0.04 | R?= 0.995

0.03 |
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Vin téc ling (cm/phit)

0.01 |

0 0.05 0.1

0.15 0.2 0.25 0.3
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Hinh 4. Xdc dinh hai théng sé dac trung k, n ciia ham vén toc lang viing nén ép

Can cha y rang, trong dd thi ling gian doan,
chi quan tdm t6i qua trinh ling vang nén ép. Khi
d6 van tc ling ving nén ép s& phu thudc vao ham
lwong pha rén. Ving ling tu do la dudng thing vi co
van toc ling khong ddi, khong phu thude vao ham
lwong pha ran. Hinh 4 x4c dinh duoc k = 1,792 va
n=-21,0. B4 tuwong thich R? > 0,99.

3.2. Xac dinh cac thong sé diic trung ciia ham
mat do thong lwong pha riin f,

Bing viéc phan tich tu duong cong ling
gian doan, liy mot diém bat ky trén duong cong
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ling gian doan vung ling nén ép, ké t1ep tuyén voi
duodng cong, cit truc hoan tai thoi diém T. Khi do
ham mat d¢ thong lugng f, co thé dugc xac dinh
theo cong thuc:

£, (o) :—00% (5)

Trong do:
L 1a chiéu cao ban diu cta qua trinh thyc nghiém
ling gian doan
0, 1a ham luong pha rn ban dau

Dé xac dinh duoc cac thong sd dac trung cta
ham thong lwong pha rén, ta bién d6i vé dang:
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fu(0)

(-5
=u —_
9 et QInaX

Khi d6 Hinh 5 mé ta mdi quan hé gitra ty s6

(6)

[4]

max

fi. (o)
bkg(,)va(l_g

ta s€ xac dinh duoc hai thong so dac trung ciia ham
solau_vac.

)- Tir d6 hdi quy the nghi¢m

;
.

/ﬁ

=

0.000014
0.000012 | |
@ Thirenghidm
0.00001 ] [
< 0.000008 y = 8E-05x4:37
% R?= 0,983
% 0.000006
0.000004
0.000002
0
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Hinh 5. Xdc dinh hai thong sé ddc trung u_va c cia ham mdt do thong lwong pha rd’nfhk

Trén co s& Hinh 5, hai thong sé ddc trung
cua ham mat d6 thong lugng pha ran duoc xac dinh
voiu,_ =8 x 107 va ¢ = 4,37 v6i d6 tuong thich R?
>(,98.

3.3. Xac dinh cac thong s6 dic trung cia ham
irng suit nén ép hi¢u dung

Trong ving lang nén ép, cac phan tir rin c6
van toc lang nho nén c6 thé bo qua. Khi d6 ing suat
nén ép pha rin co thé duoc xac dinh don gian bang
cong thuce sau:

do

1000
900
800
700 +
600
500
400 +
300
200
100 ¢

oe (Pa)

Trong d6: g 1a gia toc trong trudng

Ap 1a o chénh khi luong riéng giira pha rin va
pha long

o 1a ham lugng pha ran

Tién hanh tich phan phuong trinh trén ta s&
xdc dinh duoc 6,, qua d6 vé duoc dd thi miéu ta
mdi quan hé gitra tmg suat nén ép hiéu dung va ham
luong pha ran @ cta mau bun thai nha may tuyén
than I nhu biéu dién trén Hinh 6.

Duya vao phuong trinh hoi quy xac dinh dugc
hai thong s dic trung ctia ham mg suat nén ép higu
dung véi o = 2,048 va § = 14,69 c6 do tuwong thich
R?>=0,85.

y = 2.048e14.69%
R2= 0.850 ]
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Hinh 6. Xdc dinh hai théng sé ddc trung a va  ciia ham iing sudt nén ép hiéu dung
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4. Két luan

Trén co s& tién hanh thyc nghiém duong
cong lang gian doan, di x4c dinh duoc cac thong
s6 dic trung cia cac phuong trinh co ban trong
qué trinh ling bun than cua thiét bi ling trong cong
nghiép tuyén than I tai Cong ty tuyén than Cira
Ong. Cac két qua dwoc mé ta bang cac phuong
trinh co ban 1a ham vén téc ving ling nén ép
Vesilind v = 1,792exp(-21,00), ham mat d¢ thong

Tai liéu tham khdo
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. 4,37
lugng pha rin £, (o) =8 1070(1 - %) ,
va ham tng suat nén ¢ép hiéu dung pha ran
0.(0)=2,048exp(14,690). Bing viéc tudong
minh céc phuong trinh co ban nay s€ gitup viéc tinh
toan thiét ké bé lang chinh xac va mo hinh héa qua
trinh 1am viéc cua bé lang véi nhitng didu kién lam
viéc 6n dinh khéac nhau.
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DETERMINATION OF SETTLING PARAMETERS OF WASTE SLURRIES
FOR MODELING AND DESIGN OF CONTINOUS THICKENERS: APPLICATION TO
WASTE WATER TREATMENT IN COAL REFINERY PROCESS

Abstract:

Primary and secondary thickening are popular and important in many waste-water treatment
processes especially in mining and metallurgical engineering. Due to the environmental concern and
requirements of high purity separation, accuracy in calculations and designs of thickeners are highly paid
attention. In this paper, determinations of parameters characterized by the gravitational sedimentation of
solid-liquid slurries such as solid flux density function, Vesilind hindered settling velocity and solid effective
stress are studied and presented on the basis of batch sedimentation experiments. These parameters make
it possible for accurate modeling and calculation of sedimentation process.

Keywords: Thickener, design method, modeling, waste-water treatment, coal refinery.
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